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(57) ABSTRACT

A spinner for a fan assembly of a gas turbine engine, a
method of fabricating a spinner for a fan assembly of a gas
turbine engine, and a gas turbine engine are disclosed. The
fan section may include a nosecap. The spinner may include
a forward end, an aft end, and a return flange associated with
the forward end. The return flange may include a forward
flange extending forward towards the nosecap and an aft
flange extending ait towards the aft end.
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SPINNER AFI-EXTENDED FORWARD
RETURN FLANGE

This application claims priority under 35 USC § 119(e) to
US Provisional Patent application Ser. No. 62/030,931 filed

on Jul. 30, 2014.

TECHNICAL FIELD OF THE DISCLOSUR

(L]

Background of the Disclosure

In a gas turbine engine, the spinner of the fan section 1s
designed to direct local tlow 1nto the root of the fan blades.
The spinner may be designed to minimize foreign object
damage, such as impact forces caused by hail and bird
strikes. Additionally, the spinner may be designed to mini-
mize bill of material object damage, which 1s damage caused
by components of the engine itself. Per Federal Aviation
Administration (FAA) regulations, the gas turbine engine
must be designed to meet given continued operation require-
ments after foreign object strikes to the fan, including the
spinner. Additionally, increased durability of the gas turbine
engine and the spinner itself 1s beneficial to the owner
because the reduced wear and tear on the engine may
contribute to lower repair costs and greater etfliciency.

As such, a spinner of the fan section of the gas turbine
engine may be designed with a support flange (e.g., a
Y-flange or a support ring) ait of the nose of the spinner. The
support tlange may transfer axial compressive forces from
strikes to the spinner, transier shear forces due to rotational
acceleration and deceleration, and/or may transier radial
torces imparted due to thermal and/or centrifugal expansion.
Said support flange may be located between the spinner of
the fan section and a fan hub of the fan section.

In addition to the aft-located support flange, the spinner
may also include a return flange at the forward end of the
spinner. Return flanges are designed to add further resistance
to foreign object impact events, such as bird strikes. The
return flange can be located where the nosecap of the spinner
and the forward end of the spinner meet and may connec-
tively interact with the nosecap. Prior known return flanges
include flanges of the forward end of the spinner section
which extend outwardly 1n the forward direction towards the
nosecap.

In some other gas turbine engine designs, the return tlange
1s replaced, functionally, by a metallic ring athxed to the
torward end of the spinner section. The use of a metallic ring
in place of a return flange may improve foreign object
resistance, but may also add unwanted cost for production.
Further, a metallic ring at the forward end of the spinner may
add unnecessary, excess weight to the spinner.

While the prior return flanges and/or metallic rings may
provide adequate resistance to foreign object damage and
bird strikes, improvements to engine durability and safety
are incredibly important and valuable. As such, an improved
return flange 1s needed to improve resistance of the spinner

during foreign object events at low cost and without adding
prohibitive excess weight to the spinner.

SUMMARY OF THE DISCLOSURE

In accordance with one aspect of the disclosure, a spinner
for a fan section of a gas turbine engine 1s disclosed. The fan
section may 1nclude a nosecap. The spinner may include a
torward end, an ait end, and a return tlange associated with
the forward end. The return flange may include a forward
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flange extending forward towards the nosecap and an aft
flange extending aft towards the ait end.

In a refinement, the aft flange may provide an internal
interface, the mternal interface extending radially about an
internal circumierence of the spinner.

In a further refinement, the spinner may further include an
internal geometric support, the internal geometric support
located at the internal interface.

In an even further refinement, the internal geometric
support may be a gusset plate associated with the aft flange.

In a refinement, the forward flange may be configured to
interface with the nosecap at a nosecap interface.

In a further refinement, the nosecap interface may be
configured to limit forward extension of the forward flange.

In a refinement, the return flange may be formed using a
compression molding process.

In accordance with another aspect of the disclosure, a
method for fabricating a spinner for a fan section of a gas
turbine engine 1s disclosed. The spimner may include a
forward end, an aft end, and a return flange associated with
the forward end. The method may include forming a forward
flange of the return flange, the forward flange extending
towards a nosecap of the fan section, and forming an aft
flange of the return flange, the aft flange extending aft
toward the aft end.

In a refinement, the forming of the forward flange may be

performed using a compression molding process.

In a refinement, the forming of the ait flange may be
performed using a compression molding process.

In a refinement, the method may further include forming
an internal geometric support on an 1nternal interface of the
ait flange, the internal interface extending radially about an

internal circumierence of the spinner.
In a further refinement, the internal geometric support

may be a gusset plate associated with the aft flange.
In a refinement, the method may further include config-

uring the forward flange to interface with the nosecap at a
nosecap interface.

In a further refinement, the nose cap interface may be
configured to limit forward extension of the forward flange.

In accordance with yet another aspect of the disclosure, a
gas turbine engine 1s disclosed. The gas turbine engine may
include a fan assembly section, a compressor section down-
stream of the fan assembly section, a combustor section
downstream of the compressor section, and a turbine section
downstream of the combustor section. The fan assembly
section may include a nosecap and a spinner, the spinner
including a forward end, an aft end and a return flange
associated with the forward end. The return flange may
include a forward flange extending forward towards the
nosecap and an aft tlange extending aft towards the aft end.

In a refinement, the spinner may further include an
internal geometric support, the mternal geometric support
located at an internal interface location provided by the
return flange.

In a further refinement, the internal geometric support
may be a gusset plate associated with the aft flange.

In a refinement, the spinner may include geometry to
facilitate mating the nosecap with the forward flange.

In a further refinement, the nosecap interface may be
configured to limit forward extension of the forward flange.

In a refinement, at least one of the forward flange and the
alt flange may be formed using a compression molding
Process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s side view 1n partial of a gas turbine engine
constructed 1n accordance with the present disclosure.
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FIG. 2 1s a cross-sectional view of a fan and a fan spinner
of the gas turbine engine of FIG. 1 constructed in accordance
with the present disclosure.

FIG. 3 1s an enlarged cross-sectional view of the fan
spinner of FIG. 2, wherein the fan spinner includes a return
flange.

FI1G. 4 1s a cross-sectional view of a forward end of the fan
spinner and nosecap of the fan spinner of FIG. 2.

FIG. 35 15 a perspective view of the forward end of the fan
spinner and nosecap of the fan spinner of FIG. 2.

FIG. 6 1s a perspective view of an alternative embodiment
of the forward end of the fan spinner and nosecap of the fan
spinner of FIG. 2, including an internal geometric support
structure.

FIG. 7 1s a flowchart representing a process for forming,
a spinner of a fan section of a gas turbine engine 1n
accordance with the present disclosure.

It should be understood that the drawings are not neces-
sarilly to scale and that the disclosed embodiments are
sometimes 1llustrated diagrammatically and in partial views.
In certain nstances, details which are not necessary for an
understanding of this disclosure or which render other
details diflicult to perceive may have been omitted. It should

be understood, of course, that this disclosure 1s not limited
to the particular embodiments illustrated herein.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(L]

Referring to the drawings, and with specific reference to
FIG. 1, a gas turbine engine constructed 1n accordance with
the present disclosure 1s generally referred to by reference
numeral 10. Such a gas turbine engine 10 can be used for any
number of different applications including, but not limited
to, generation of aircrait thrust and land-based power. More-
over, 1t 1s to be understood that the sectional view provided
in FIG. 1 1s included simply to provide a basic understanding
of the various sections 1n a gas turbine engine, and not to
limit the invention thereto. The present disclosure extends to
all types of gas turbine engines used in all types of appli-
cations.

The gas turbine engine 10 may have a fan section 11, the
fan section 11 drawing in ambient air and directing the
ambient air to a compressor section 12. The imncoming air 1s
greatly compressed by the compressor section 12 and
directed to a combustor section 13 where 1t 1s mixed with
tuel and combusted. The products of that combustion, 1n the
form of very hot and expanding gases, are directed to a
turbine section 14 shown to be downstream of the combustor
section 13. The turbine section 14 and/or compressor section
12 may each be comprised of a plurality of blades radially
extending from a shaft forming rotating sections or rotors. A
plurality of vanes may radially extend inwardly from a static
section or stator, and are intermeshed with the plurality of
blades. In so doing, it can be seen that the turbine section 14,
compressor section 12, spinner 15 and fan 11 all revolve
around a central engine axis 16.

Further, FIG. 2 1llustrates a cross-sectional view of a fan
section 11 of the gas turbine engine 10 of FIG. 1. The fan
section 11 1ncludes a series of radially extending fan blades
23. At the forward-most portion of the fan section 1s a
spinner 15, which may be operatively associated with an aft
fan hub section 22. A support structure 24 may be included
alt of the spiner 15 and adjacent to the fan hub section 22.
The support structure 24 may be a solid component extend-
ing radially and covering the entire radial area of the interior
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of the aft end of the spmner 24. Example implementations
for the support structure 24 may be one of a Y-flange, a
support ring, and the like.

The spinner 15 has an aft end 18 and a forward end 17.
The att end may be operatively associated with the fan hub
22 and/or the support structure 24. At the forward end 17 of
the spinner 15, the forward end 17 mterfaces with a nosecap
25. Once interfaced, the spinner 15 and nosecap 25 may be
fastened using any appropriate fastening means known 1in
the art. One or more flanges may be present at the forward
end 17 of the spinner 15, as detailed below with reference to
FIG. 3.

Turning now to FIG. 3, a cross-sectional view of the
spinner 15 1s shown. The spmner 15 may include a return
flange 30. The return flange 30 and its relevant features are
shown 1n greater detail 1n the magnified views of the forward
end 17 of the spinner 15 1 FIGS. 4 and 5.

The return tlange 30 includes both a forward flange 34 and
an aft flange 32. The forward flange 34 extends forward,
toward the nosecap 25. Further the nosecap 25 may be
designed having a nosecap interface 36 for interfacing with
the forward flange 34. The nosecap interface 36 may be
designed to limit forward extension of the forward flange 34
during operation of the gas turbine engine 10. The forward
flange 34 provides support for the spinner 15 during foreign
object strikes while also, optionally, providing interface for
the nosecap 25. The nosecap 235 and the spinner 15 may be
connected at the connection interface 35, wherein the nose-
cap 25 and spiner 15 may be fastened by any suitable
means for fastening known in the art (e.g., a bolt).

Returning to the return flange 30 and the illustrations of
FIGS. 4 and 5, the aft flange 32 1s shown. The aft flange 32
extends alt towards, for example, the aft end 18 of the
spinner 15. Additionally or alternatively, the ait flange 32
may extend aft towards the fan hub 22 of the fan section 11.
The aft flange 32 provides additional support during foreign
object strikes 1n conjunction with the forward flange 34.
Further, the aft flange 32 may be provided with an internal
interface 37 extending radially about an internal circumfier-
ence of the spinner 15.

Turmning now to FIG. 6, another embodiment of the
tforward end 17 of the spinner 135 1s shown 1n a perspective
view. In the embodiment, the spinner 15 includes internal
geometric support 40 extending the internal interface 37 of
the aft flange 32. In some examples, the internal geometric
support 40 may be one or more gusset plates associated with
the aft flange 32. The internal geometric support 40 may
provide even further support and durability in the event of
foreign object strikes to the spinner 15.

With continued reference to the above mentioned ele-
ments of the gas turbine engine 10, the fan section 11, and
the spinner 13 detailed 1n FIGS. 1-6, an example method 50
for fabricating the spinner section 15 i1s shown 1n FIG. 7. At
block 52, the forward flange 34 of the return flange 30 1s
formed on the forward end 17 of the spinner section 135, the
forward tlange 34 extending towards the nosecap 25. At
block 54, the aft flange 32 of the return flange 30 1s formed
at the forward end 17 of the spinner section 15, the ait flange
32 extending ait towards the aft end 18 of the spinner section
15. The method may include forming internal geometric

support 40 (e.g., a gusset plate) associated with the return
flange 30 on an internal interface 37 of the aft tlange 32
(block 56). Further, the method may include interfacing the

nosecap 25 with the forward flange 34 using a nosecap
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interface 36, the nosecap interface 36 limiting extension of
the forward flange 34 (block 58).

INDUSTRIAL APPLICABILITY

From the foregoing, it can be seen that the technology
disclosed herein has industrial applicability 1n a variety of
settings such as, but not limited to, return flanges for a fan
spinner of a gas turbine engine. The gas turbine engine may
be used 1n conjunction with an aircraft for generating thrust,
or for land-based applications for generating power. The
teachings of the present disclosure may provide protection to
the engine from foreign object strikes and/or any other wear
and tear on the fan section of a gas turbine engine or the gas
turbine engine as a whole.

The forward flange 34 and the aft flange 32 may be
independently or concurrently formed using a compression
molding process or an injection molding process. Using an
ait flange 32 1n conjunction with a forward flange 34 may
provide greater resistance for an compression or injection
molded spinner. Further, use of such aft flange technology
may be desirable for increasing stiflness 1n a spinner when
the spinner 1s formed from a plated polymer. Because
compression molding may be a less costly means of fabri-
cating components of the gas turbine engine, this improve-
ment over the prior art may save costs due to the use of
injection molding while still adhering to prescribed stan-
dards of durability and operability based on FAA regulation
and consumer good-will. Additionally, the disclosed
embodiments may be formed using any suitable forming
processes known 1in the art.

The disclosed return flange 30 may provide increased
flange stiflness, when compared to the stiflness of prior
flange designs, due to the use of both the forward flange 34
and the aft flange 32 concurrently. Inclusion of internal
geometric supports 40 may also provide greater stiflness.
The 1nclusion of mternal geometric supports 40 1s enabled
by the present return flange 30 design because said design
provides the internal interface 37 of the aft flange 32.
Increased stiflness at the forward end 17 of the spinner 135
may allow designers to reduce materials, for weight reduc-
tion purposes, in downstream components of the spinner 135,
the fan section 11, or the gas turbine engine 10 as a whole.

While the present disclosure has been 1n reference to a gas
turbine engine and an aircraft, one skilled in the art will
understand that the teachings herein can be used in other
applications as well. It 1s therefore intended that the scope of
the invention not be limited by the embodiments presented
herein as the best mode for carrying out the invention, but
that the invention will include all equivalents falling within
the spirit and scope of the claims as well.

What 1s claimed 1s:

1. A spinner for a fan section of a gas turbine engine, the
spinner configured to be receptive of a nosecap and com-
prising;:

an outer shell extending from a forward end to an aft end;

the aft end configured to be 1nstalled at a forward end of

a fan hub of a fan section;

a return flange disposed at the forward end, the return

flange including;

a radially extending base portion configured to receive
a nosecap thereat;

an annular forward flange extending forward from the
base portion towards the nosecap; and

an annular aft flange extending ait from the base
portion towards the aft end; and
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circumierentially spaced gusset plates extending from the
outer shell to the aft flange.

2. The spinner of claim 1, wherein the ait flange provides
an internal interface, the internal interface extending axially
about an internal circumierence of the spinner.

3. The spinner of claim 2, gusset plates located at the
internal interface.

4. The spinner of claim 1, wherein the forward tlange 1s
configured to interface with the nosecap at a nosecap inter-
face.

5. The spinner of claim 1, wherein the return flange 1s
formed using a compression molding process.

6. A method of fabricating a spinner, the spinner having
an outer shell extending from a forward end to an aft end.,
and a return flange associated with the forward end, the
method comprising:

forming a radially-extending base portion of the return
flange configured to receive a nosecap thereat;

forming an annular forward flange of the return flange, the
forward flange extending forward from the base por-
tion;

forming an annular aft flange of the return flange, the aft
flange extending aft from the base portion towards the
aft end; and

forming circumierentially spaced gusset plates extending
from the outer shell to the aft flange;

wherein the ait end i1s configured to be installed at a
forward end of a fan hub of a fan section.

7. The method of claim 6, wherein the forming of the
forward flange 1s performed using a compression molding
process.

8. The method of claim 6, wherein the forming of the aft
flange 1s performed using a compression molding process.

9. The method of claim 6, further comprising forming the
gusset plates on an 1nternal interface of the aft flange, the
internal interface extending axially about an internal cir-
cumierence of the spinner.

10. The method of claim 6, further configuring the for-
ward tlange to 1nterface with a nosecap at a nosecap inter-
face.

11. A gas turbine engine, comprising:

a Tan assembly section including a nosecap and a spinner,
the spinner configured to be receptive of the nosecap
and having a an outer shell extending from a forward
end to an aft end, and a return flange disposed at the
forward end of the spinner, the return flange 1including;

a radially-extending base portion configured to receive a
nosecap thereat;

an annular forward flange extending forward from the
base portion towards the nosecap and an annular aft
flange extending aft from the base portion towards the
aft end:

circumierentially spaced gusset plates extending from the
outer shell to the aft flange;

a compressor section downstream of the fan assembly
section;

a combustor section downstream of the compressor sec-
tion; and

a turbine section downstream of the combustor section;

wherein the aft end 1s 1nstalled at a forward end of a fan
hub of the fan assembly section.

12. The gas turbine engine of claim 11, the gusset plates
located at an internal interface location provided by the
return tlange.

13. The gas turbine engine of claim 11, wheremn the
nosecap includes a nosecap interface for interfacing the
nosecap with the forward flange.
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14. The gas turbine engine of claim 13, wherein the
spinner includes geometry to facilitate mating the nosecap

with the forward flange.

15. The gas turbine engine of claim 11, wherein at least
one of the forward flange and the aft flange are formed using 5
a compression molding process.
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